Purpose: To determine the optimized protocol for bipolar radiofrequency ablation (RFA), using dual internally cooled wet (ICW) electrodes in the ex vivo bovine liver. Materials and Methods: RFA was applied to the explanted bovine liver, using two 3 cm active tip electrodes with 3.5 cm spacing. A total of 25 ablation zones were created by five groups; group A: 70 W-20 minute (min), group B: 70 W-25 min, group C: 90 W-15 min, group D: 90 W-20 min, and group E: 90 W-25 min. We measured the total energy and size of ablation zones with a color of grey or pink. Statistical analysis was done using Kruskal Wallis test and Mann Whitney U-test. Results: The mean energy, mean volume of ablation zone with grey and pink color of groups A to E were 16.7, 23.9, 16.7, 21.8, 29.2 kcal, 25.7, 34.3, 29.5, 36.2, 45.2 cm 3 , and 60.0, 88.0, 71.5, 87.4, 104.5 cm 3 , respectively. Those were significantly different (p < 0.05). The volume of ablation zone of group E with grey color was larger than groups A, B and C (p < 0.05). Conclusion: Bipolar RFA, using dual ICW electrodes, can produce a large ablation zone with the protocol of 90 W-25 min.
INTRODUCTION
There are two kinds of radiofrequency (RF) systems, one is monopolar and the other is bipolar. Monopolar RF system uses one electrode with large dispersive pads. Bipolar RF system usually uses dual electrodes without dispersive pads, but sometimes uses only one single electrode with 2 poles, separated by insulation. Currently, monopolar RF system is widely and more popularly used, however, several experimental reports revealed that bipolar RF system induced larger volumes of coagulation, compared with monopolar RF system (1, 2). Bipolar RF system has the theoretical advantage that a localized circumscribed electrical field has a low risk of unwanted distribution of the electric field, resulting in a possibility of heating metallic implanted devices of pacemaker, surgical clips or stents (3). Bipolar RF system also doesn't need a dispersive pad. As such, patient preparation is simpler than monopolar RF system, and there is no risk of skin burn at this ground pad. The purpose of this study is to determine the optimized protocols of bipolar RF ablation with electrodes dual internally cooled wet (ICW) electrode.
MATERIALS AND METHODS

Radiofrequency Systems
Our bipolar radiofrequency ablation (RFA) was comprised with the RF generator (M-2004, RF medical Co., Seoul, Korea), providing a maximum power of 200 W, two ICW electrodes with 3 cm active tip (Jet-tip, RF medical, Seoul, Korea) and two peristaltic cooling pumps (RFP-100, variable-speed pump; RF medical Co., Seoul, Korea). This ICW electrode has one coaxial inflow lumen and outer outflow tracts with a micro-hole located in the middle of the active tip (Fig. 1A) . One electrode was connected to the generator radiofrequency output, and the other was connected to the generator ground output for bipolar radiofrequency circuit without a dispersive pad of the monopolar
Radiofrequency Protocol
RFA was performed in the fresh explanted bovine livers. Two ICW electrodes with 3 cm active tip were placed parallel into the liver vertically with 3.5 cm spacing at room temperature (Fig. 1B) . Prior to placing the electrode, we checked the path of a large vessel in the explanted bovine liver with a long screw driver for avoiding inadequate ablation by leakage of perfused normal saline. As a pilot study, RFA was done with two proto- 
Measurement of Ablation Size
RF ablated lesions were sliced along the electrode insertion axis and then cut perpendicular plane at the middle, between the two electrodes. We measured both the grey colored central area of the ablation zone only, including the marginal pink colored area.
Dt is the long transverse diameter between the two electrodes. Ds is the short transverse diameter of the perpendicular plane of the two electrodes. Dv is the longitudinal diameter, along the axis of electrodes (Fig. 2) . Three dimensional volume measurement of ablation size was done by Dt × Ds × Dv × π/6.
Statistical Analysis
Statistical analysis of the difference in size of ablation and applied total energy among the groups was done using Kruskal Wallis test and Mann Whitney U-test. Spearman correlation analysis is used for the correlation between the total energy and the volume of the ablation zone. A p-value of less than 0.05 was considered as statistically significant. SPSS software (Version 13.0, SPSS Inc., Chicago, IL, USA) was used for all statistical analysis.
system. When the impedance of the electrodes rises 30% more than the baseline, the generator automatically shuts down the power for 15 seconds. A 0.9% normal saline was used for the internal cooling and perfused through the micro-hole. The tissue infusion rate was 1.2 mL/min. We monitored the power output, impedance and temperature of the electrode with a computer software that was programmed by RF medical Co.
Applied energy (kcal) was calculated by 0.000239 × Watt (W) × second (s). Volume of coagulation can be increased with the methods of overlapping (5, 6) or combined therapy with transarterial chemoembolization, PEI, and chemotherapeutic agent (7-10).
There have been many studies to increase the ablation size with various types of electrodes, including internally cooled and perfused electrodes (11) (12) (13) (14) , clustered electrode or multiple electrodes (3, [15] [16] [17] [18] [19] [20] .
At this time, as far as we know, only one bipolar RF system is commercially available and that is composed of three internally cooled bipolar electrodes (CelonProSurge; Celon Medical Inwas no significant difference between group B and group E (Fig. 3) . The Ds of the ablation zone with grey color was significantly longer in groups B, D and E than in groups A and C (p < 0.05) (Fig. 4) . There was also no significant difference in Ds among the groups B, D and E. Dv of the ablation zone with grey color was longer in group E than in groups A to C (p < 0.05) (Fig. 3) . charring more efficiently than that of internal cooling only.
In our results, total ablation volume with pink color was at least more than two times than that with grey color. This large ablation volume with pink color could have a chance to complete necrosis with the combination of lyso-thermosensitive liposomal doxorubicin, which consists of the heat-enhanced cytotoxic doxorubicin within a heat-activated liposome (10), which has been evaluated in randomized, double-blind, dummy-controlled trial (23) .
There are several limitations in this experimental study. First, number of ablated ex vivo bovine liver in this study was small.
Second, ablated volume of ex vivo is usually larger than that of in vivo because the heat sink effect, which is induced by an adjacent blood flow in the large vessels (24) . Third, variable size or shape of coagulation can be achieved in vivo (25) . Fourth, electrical conductivity or impedance of tumor tissue could be different from that of normal tissue.
In We thought that there should be a threshold of power output, which induces rapid increase of tissue impedance and the 90 W power output in our experiment must be lower than the threshold inducing rapid increase of tissue impedance.
Lee et al. (17) reported serially that saline enhanced bipolar RFA was more efficient in making larger volume of thermal ablation than conventional and simultaneous monopolar RFA and bipolar RFA with the cooled-wet electrode also produce larger tissue coagulation than with the open-perfused electrode (18) . They had used a prototype cooled-wet electrode with a coaxial saline perfusion system, but that type of electrode has not been commercially available now. We used ICW electrode, which induced significantly larger volume of coagulation than the internally cooled electrode in the monopolar RF system (14) . In our bipolar RFA system with ICW electrode, perfused normal saline with simultaneous internally cooling effect made the tissue impedance low, which made longer duration of energy application than the internally cooled bipolar electrodes in the higher power output contrast to the study of Clasen et al. (22) . Another function of interstitially perfused cool saline around the electrode prevented active tip of electrode from
